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PREFACE

The Electric and Hybrid Vehicle Test was conducted by the US Army Mobility Equip-
ment Research and Development Command (MERADCOM) under the guidance of the US
Department of Energy (DOE).

Michael E. Johnson, P.E. of VSE Corporation was responsible for aspects of calibration

of the signal conditioning ¢ircuits and recording instruments as well as data tabulations.

. plotting. and preparation of the report. Richard Boyd of VSE Corporation was responsi-
ble for aspeets of the report and data analysis,

Computer programming and some data tabulations and plots were made by David Scott
and Arthur Nickless of the Systems Technology & Management Division, Management
Information Systems Directorate, MERADCOM.

James A. Queen and Calvin T. Bushrod of the Environmental & Field Division, Pro-
duct Assurance & Testing Directorate, assisted in vehicle operation and data collection.

Accession For

U — -
RIIS "RA&T
DTIC T43

Urionm s =g 0
Juets T

Lpeme W o o




PO Gaanie)

Section

In

v

Vi

Vil

Y
H
¥

;

CONTENTS

Title
PREFACE
ILLUSTRATIONS
TABLES
SUMMARY
INTRODUCTION
OBJECTIVES

TEST VEHICLE DESCRIPTION

1. Description
2. Operating Characteristics

INSTRUMENTATION

TEST PROCEDURES

Maximum Cruise Speed

Range Tests — Constant Speed

Range When Operated in a Selected Driving Pattern
Maximum Acceleration

Coast-Down Tests

Tractive Force Tests

Charger Efficiency Tests

NonA BN

TEST RESULTS AND DISCUSSION

1. Maximum Speed

Range

Maximum Acceleration
Gradeability

Gradeability Limit

Road Energy Consumption
Road Power Requirements
Indicated Energy Economy

PN h W

Page
iii
vi

viii

12
12
12
13
13
13
13

14
14
14
14
31
35
35
40



CONTENTS (CONT’D)

Section Title

. VIl COMPONENT PERFORMANCE AND EFFICIENCY

Battery Charger
Battery Characteristics
Controller

Motor

Drive Train

Ve W~

IX RELIABILITY

APPENDICES

A. VEHICLE SUMMARY DATA SHEET

B. TABULATIONS OF GRAPHED DATA

C. DERIVATION OF ROAD LOAD POWER

Page

40
40
44
44
44

44

45

50

87




r .

B

TR

Figure

11
12
13
14
15
16

17

18

i = i —mm —r
' A
ILLUSTRATIONS
Title Page

Side View of GE-100 Centennial Vehicle 6
Front/Left Side View of GE-100 with All Doors Open 7
Front View of GE-100 Showing SCR Controller and Gasoline- 8 !
Fired Heater and Motor
Rear View of GE-100 Showing Battery Removal Apparatus 9
Inside View from Driver’s Seat of GE-100 10
Block Diagram of Propulsion System and Instrumentation 11
“B” Cycle, Velocity vs Time 15
“B” Cycle, Battery Voltage vs Time 16
“B” Cycle, Battery Current vs Time 17
“B” Cycle, Battery Power vs Time 18
“C” Cycle, Velocity vs Time 19
“C” Cycle, Battery Voltage vs Time 20
“C” Cycle, Battery Current vs Time 21
“C” Cycle, Battery Power vs Time 22 3
“D” Cycle, Velocity vs Time 23 |
“D” Cycle, Battery Voltage vs Time 24
“D” Cycle, Battery Current vs Time 25
“D” Cycle, Battery Power vs Time 26




R L]

Figure
19
20
21
22
23
24
25
26
27
28
29
30

31

32

lon s adag

ILLUSTRATIONS (CONT’D)

Title

Acceleration vs Velocity

0% Depth of Discharge, Velocity vs Time

40% Depth of Discharge, Velocitv vs Time

80% Depth of Discharge, Velocity vs Time

0% Depth of Discharge, Percent Gradeability vs Velocity
40% Depth of Discharge, Percent Gradeability vs Velocity
80% Depth of Discharge, Percent Gradeability vs Velocity
Coast-Down Cycle 1, Velocity vs Time

Coast-Down Cycle 4, Velocity vs Time

Coast-Down Cycle 7, Velocity vs Time

Road Energy vs Velocity

Road Power vs Velocity

Constant Speed Battery Performance, First 25% of Range

Constant Speed Battery Performance, Last 25% of Range

vii

Page

27
28
29
30
32
33
34
36
37
38
39
41
42

43




L

TABLES
Table Title
1 Summary of Test Results for GE-100 Centennial
Electric Vehicle
2 Conversion Factors
Y

vili

T Ay e SN TR S

Page




BASELINE TESTS OF THE GE-100 CENTENNIAL

ELECTRIC PASSENGER VEHICLE

s

I. SUMMARY

The GE-100 Centennial Electrie, an electrie vehicle manufactured by General Electrie
and Triad Services. Inc., was tested under the direction of the U.S. Army Mobility Equip-
ment Research and Development Command (MERADCOM) from 4 June to 20 June and
from 2 July to 27 July 1979, The tests are part of a Department of Energy (DOE) project
to access advances in electric vehicle design. This report presents the performance test
results on the GE-100 Centennial Electric.

The GE-100 Centennial Vehicle is a one-of-a-kind experimental prototvpe. The concept
was developed by GE and Triad Services, Inc., under DOE contract EY-76-C-03-1294.
phase one of the Near-Term Electric Vehicle Program. The conceptual study explored
electric vehicle performance available with standard production components. The vehicle
was built and funded by General Electric. using available hardware. i.e.. standard
production components. It ix powered by eighteen 6-volt lead-acid traction batteries
driving a 16.3-kW (21.8-hp) (3200-r/min) motor through an EV-1C armature chopper and
control. All items are 1978 or earlier technology. Front brakes are inbvard Chevelle with
copper drums; rear hrakes are Subaru drums. The vehicle did not employ regenerative
braking.

The vehicle was provided by General Electric. The intent of testing was not to verify
vehicle performance. as this prototype is not a candidate for the DOE demonstration
programs. However. the available standard production components used in this vehicle
will be used in prospective vehicles, The testing was performed to expose the electric-
hybrid-vehicle (EHY) community to the results available with 1978 electrical technology.

The results of the tests are shown in Table 1.

s m e




L

Table 1. Summary of Test Results for

Date
(July)

Test Speed
or
Driving Pattern

Range

Number
of
Cyvcles

Fnergy Out
of Battery

Battery
Energy

Fconomy*

Fnergy Out of Charger
(Into Battery)

Batt:
Effici

13

12

24

40 km/h
(25 mi/ly

56 km/h
(35 mi/h)

80 km/h

(50 mi/h)

SAE J227a B

SAE J227aC

SAE J227aD

112 km
{70 mi)

96 km
(60 mi)

69 km
(43 mi)

80 km
(50 mi)

67 km
(42 mi)

62 km
(39 mi)

227

122

15.5 kWh

15.3 kWh

12.9 kWh

16.3 kWh

14 4 kWh

14.1 kWh

(255 .'ﬂ‘)

<?
é

215 kWh
km

343 KWh

mi

<?

(-

138 k¥h

km

221 "l’.‘)

22
mi

159 kKWh

km

mi

7 kWh
km

300 kWh

mi

18

204 K¥h
km

326 KWh
mi

727 kWh

km
362 KWh

mi

)
)

)
)

27.8 kWh

26.0 kWh

21.6 kWh

29.7 kWh

25.0 kWh

20.5 kWh

55.8

56.3

5499

68.87

* Battery Energy Economy = Energy out of battery per mile of range.




ts for GE Centennial Electric Vehicle

Enerpy
Battery into Charger Wind Wind Temperature Temperature
. Efficiency Charger Efficiency Start of Test End of Test Start of Test End of Test
55.8% 33 kWh 84.37 Calm South 23°C 30°C
1 7.4 km/h (74°F) (86°F)
(4.6 mi/h)
56.3% 31 kWh 83.4% Calm NwW 26°C 27°C
9.3 km/h (719°F) (81°F)
(5.8 mi/h)
59.7% 27 kWh 80.2% Calm Calm 22°C 26°C
1 (12°F) (78°F)
5494 37 kWh 80.3%. Calm NW 16°C 27°C
3.7 km/h 61°F) (80°F)
(2.3 mi/h)
57.6% 30 kWh 83.3% NwW South 26°C 25°C
3.7 km/h 7.4 km/h (78°1) (77°1)
(2.3 mi/h) (4.6 mi/h)
68.87 25 kWh 82.0% Calm SW 26°C 29°C
4.8 km/h (78°F) (85°F)
-(3 mi/h)
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H. INTRODUCTION

The vehicle tested and the data presented in this report are in support of Public Law
94-413 enacted by Congress on 17 September 1976. The law requires the Department of
Energy (DOE) to develop data characterizing the state-of-the-art with respeet 10 eleetric
and hybrid vehicles. The data so developed are to serve as a baseline to compare im-
provements in electric- and hybrid-vehicle technologies, to assist in establishing perfor-
mance standards for eleetric and hybrid vehicles, and to help guide future research and
development activities,

The U.S. Army Mobility Equipment Research and Development Command (MERAD-
COM) under the direction of the Electric and Hybrid Research, Development. and
Demonstration Office; Division of Transportation Energy Conservation; DOE. has con-
ducted track tests of electric vehicles to measure their performance eharacteristies and
vehicle component efficiencies. The tests were conducted using a DOE test procedure
“ERDA-EHV-TEP,” described in Appendix A of MERADCOM Report 2244." This pro-
cedure uses the “Electric Vehicle Test Procedure SAE J227a.” revised February 1976.
U.S. customary units were used in the collection and reduction of data. The units were
converted to the International System of Units for presentation in this report. U.S,
customary units are presented in parentheses. Number values are truncated to reflect
nominal values except where precision is required. Conversion factors are shown in

Table 2.

The assistance and cooperation of General Electric industrial Control Division and
Corporate Research and Development were greatly appreciated. The Department of
Energy supplied funding support and guidance doring this project.

HI. OBJECTIVES

The characteristics of interest for the GE-100 Centennial Vehicle are vehicle speed.
range at constant speed, range when operated in a selected driving pattern, maximum
acceleration, gradeability, gradeability limit, road energy consumption. road power. and
vehicle energy economy.

i E. 5 Dawgiatlo, Je: G F Railey, Jro £ R Soellings: and W, H. Blake: “Baseline Tests of the EV A Metro Eleetric Passenger

Vehicle” MERADCOM Report 2244 iJuly 1978).

i
1y




Table 2. Conversion Factors

To Convert
Quantity from to Multiply by

Acceleration ft/s? m/s? 3.048 x 107!

mi/h.s m/s? 44704 x 107!
Energy (work) ft «Ibf J 1.355 818

Wh Btu 3.412 141 x 103

Wh J 3.600 x 10°

Btu (IT) J 1.055 056
Force Ibf N 4.448 222
Length ft m 3.048 x 107!

mi km 1.609 344
Mass b kg 4.535924x 10!
Power hp (550 ft - Ibf/s) w 7.456 999 x 10?2
Velocity mi/h km/h 1.609 344
Pressure 1bf/in? kPa 6.895

Cis o
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IV, TEST VEHICLE DESCRIPTION

1. Description. The GE-100 Centennial Vehicle is the Near-Term Reference Elee-
trie Vehicle, It is a 3-door. Fpassenger commuter car driven by 18 6-volt lead-acid bat-
teries. It was designed from the ground up as an electrie vehicle, Design features worthy
of noting are the reduced aerodynamic drag, rear facing passenger seats. mechanicat
transmission replaced by electrical controls. batteries remosable as a single unit from the
ventilated tunnel, side doors open parallel to the body. and the use of seleeted materials
for weight reduction. The vehicle is shown in Figures 1| through 5. The vehicle is deserib-

ed in Appendix A,

2. Operating Characteristics. The vehicle is ximilar to a comparable-size internal-
combustion vehicle. Controls are located in similar positions and the driving
charaeteristics are similar, A key switch is required to activate the vehicle. The =ac-
celerator™ pedal controls a signal voltage to the EV-1C controller which. in turn. pro-
grams the pulse width (on time) and pulse frequency of battery voltage connected 1o the
16.2-kW (21.8-hp) (3200-r/min) motor. The controller reacts to the “accelerator™ position
to control the vehicle speed and acceleration as controlled by the driver. A relay bypasses
the controller for high-power or high-speed conditions. The controller employs field
weakening 1o increase top speed. Reversing is accomplished electrically. but the operator
actions are similar to those for a vehicle with an automatic transmission. No regenerative
braking is provided on this vehicle. A block diagram is shown in Figure 6.

V. INSTRUMENTATION

The GE Centennial was instrumented to measure vehicle speed and range. hattery
voltage, current, averaged current, instantaneous power and averaged power. motor
voltage, the temperature of the motor frame. and the battery charger power. Battery elec-
trolyte temperatures were measured with thermometers. A brief description of the in-
strumentation system is given in the following paragraphs. Details of the recorder are
given in Appendix D of MERADCOM Report 2244.2

Instrumentation consisted of signal-conditioning circuits and a magnetic tape recorder
for recording analog signals of electrical parameters. The magnetic tape recorder was
operated in the frequency modulation made at 4.763 cm (1-7/8 in.) per second. The
signal-conditioning circuitry to the recorder consisted of a main battery voltage divider. a
shunt-voltage amplifier for current monitor. an analog multiplier, and circuits for aver-
aging power and current.

2

E. J. Dowgiallo. Jr.: . E. Bailes. Jr.: L R, Snellings: and . H. Blake; “Baseline Tests of the EVA Metro Electric Passenger
Vehicle” MERADUOM Report 2231 July 1978,
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Figure 4. Rear view of GE-100 showing battery removal apparatus.
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A voltage proportional to power was produced by the instantancous multiplication of
voltage and current. Current and power were recorded both raw and electronically
averaged. The raw values inelude the rapid switching transients associated with the solid-
state controller.

VI. TEST PROCEDURES

The tests were performed at the MERADCOM test facility. Fort Belvoir. and at the
Aberdeen Proving Ground (APG) test facility at Aberdeen. Marvland. When the vehicle
was delivered to MERADCOM. the pretest checks deseribed in Appendix F of
MERADCOM Report 2248 were conducted. A shakedown run was performed to
familiarize the driver with the operating characteristics of the vehicle and 1o verify proper
operation of all instrumentation systems. All tests were run in accordance with the DOE
Electric and Hybrid Vehicle Test and Evaluation procedure. Appendix A of
MERADCOM Report 2244.* All tests were performed with a full load of 227 kg (300 by,

1. Maximum Cruise Speed. The vehicle was capable of sustaining 88 km/h
(55 mi/h) on level straightaway. The MERADCOM facility has a 2.0-km (1%-mi) loop
with a 3-percent and a 5-percent grade. The vehicle could sustain 80 km/h (50 mi/h) but
not 88 km/h on this course, The highest speed used for the constant-speed range test was
80 km/h. The vehicle was operated to a maximum speed of 97 km/h (60.3 mi/h) on a level
track (£ l-percent grade) at Aberdeen Proving Ground.

2. Range Tests — Constant Speed. Range tests at constant speed were carried
out at 40 km/h (25 mi/h), 56 km/h (35 mi/h). and 80 km/h (50 mi/h): speeds were held con-
stant within 1.6 km/h (1 mi/h), and the test was terminated when the vehicle could no
longer maintain 95 percent of the designated test speed. Range at 40 km/h was 112 km
(70 mi). Range at 56 km/h was 96 km (60 mi). Range at 80 km/h was 69 km (43 mi).

3. Range When Operated in a Selected Driving Pattern. Test Schedules “B.”
32 km/h (20 mi/h); *C.” 48 km/h (30 mi/h); and “D,” 72 km/h (45 mi/h) of SAE J227a
were run. Range on the “B” schedule was 80 km (50 mi). Range on the “C” schedule was
67 km (42 mi). Range on the “D” schedule was 62 km (39 mi).

YEo Dowgiallo. Jr.: C. E. Bailes. Jr: 1. R, Saellings: and %. H. Blake: “Bascline Tests of the EVA Metro Electric Passenger
Vebicle.” MERADCOM Report 2244 (July 1978).
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4. Maximum Acceleration. Maximum acceleration was calculated from the recorded
time and velocity data. The tests were conducted on the 3-mile straightaway at APG.
Time to accelerate to 32 km/h (20 mi/h) was 4.5 s and to 50 km/h (31 mi/h) was 8.5 s,
Gradeability at speed was calculated from the acceleration data and from draw-bar tests,
To ensure the passenger comfort with a smooth start, the controller delays maximum
torque until the vehicle begins o roll.

5. Coast-Down Tests. The vehicle coasted to a stop from the maximum speed reached
during the acceleration test. The veloeity was recorded on an analog recorder. The analog
recording was analyzed for the SAE J227a vehicle road energy consumption and vehicle
road load power. The unique design feature of coupling the motor directly to the drive
train did not allow mechanical isolation.

6. Tractive Force Tests, The maximum-grade capability of the test vehicle was
determined from tractive force tests by towing a field dynamometer at approximately 1.6
km/h {1 mi/h) while the test vehicle was being driven with wide-open throttle. The force
was measured by the dynamometer instrumentation from a load cell attached between the
vehicles, The test was run with the batteries 0 percent. 40 percent. and 80 percent dis-
charged. This test was used 10 compute the gradeability limit. Gradeability was a fune-
tion of controller action rather than battery discharge. at least up to 80-percent depth of
discharge (DOD). Traetive tests were terminated at 80-percemt DOD as determined by
weasurement of energy with a Hall-effect watt-hour meter. A DOD was achieved by
operating the vehicle at 56 kwm/h (35 mi/h).

7. Charger Efficiency Tests. A residential kilowatt-hour meter was used to measure
input energy to the charger. The charger output power and energy were measured with a
Hall-effect watt-hour meter which responds to inputs from d.c. to considerably higher
than 5 kHz. Charger efficiency was calculated as the ratio of energy to the battery. as
measured by a Hall sensor. to the energy to the charger as measured by a rotating watt-
hour meter, The efficiency was caleulated to he in the range of 80 percent to 84.3 percent.
The ferro-resonant transformer correeted for changes in the line voltage and was pro-
grammed for 27.5-amp peak current demand. with the charge rate tapering off based on
battery voltage. A complete test was not performed on the charger characteristics. The
auxiliary battery was charged from the on board charger by a d.c. to d.c. converter from
the propulsion batteries during vehicle operation.




V1. TEST RESULTS AND DISCUSSION

The data collected from all range tests are summarized in Table 1. The table shows the
test data, type of test, environmental conditions. the range test results, energy into and out
of the batterv. and the energy into the charger. These data are used 10 determine vehicle
range. energy ecconomy. and efficiencies,

1. Maximum Speed. The maximum speed of the vehicle was measured during the ac-
celeration coast down tests. It is defined as the maximum speed that could be reached on
the track under full power. The measured maximum speed was 97 km/h (60.3 mi/h) for
this vehicle.

2. Range. The following range tests were run: 40-kmfh (25-mi/h), 56-km/h (35-mi/h),
70-km/h  (44-mi/h), 80-km/h (50-mi’h). B-cycle, C-cycle, and D-cycle. The test
results are shown in Table 1. These tests were run one time each due to the limited
availability of the vehicle. The speed, velocity. current, and power profiles for the third
cycle and next to the last cycle for each “B,” “C,” and “D” driving schedule are presented
in Figures 7 through 18. The data for these figures are shown in Appendix B.

3. Maximum Acceleration, The average maximum acceleration of the vehicle was
measured with the batteries fullv charged, 40 percent discharged. and 80 percent dis-
charged. The results of the tests are shown in Figure 19 and Appendix B. Maximum ob-
served acceleration was 10.14 km/h.s (6.3 mi/h.s) at 4.8 km/h (3.0 milh). Velocity as a
function of time is shown in Figures 20. 21. and 22 for the O-percent. 40-percent. and
80-percent depths of discharge of the hattery. respectively. Note that the first-cvcle (0 per
cent DOD) acceleration has some initial anomolous behavior which is reflected in the
other derived graphs of road energy and roud power. This initial evele problem probably
arises from vehicle lubricant stiffness and controller considerations. The jagged
appearance of the graphs is due to road and vehiele irregularities: the impact hecomes
pronounced as velocity and acceleration flatten. Seleetion of the cveles representing
40-percent and 80-percent DOD was affected by track considerations.

4. Gradeability. The grade in percent which the vehicle is able to traverse at anvy
selected speed is calculated from maximum acceleration tests by using the equation:

G = 100 tan (xin! 0.0455 4 ) 7

where:

a = acceleration in miles per hour per second at speed n,

i
!
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The controller limited the acceleration at low speeds to minimize jerk: therefore,
gradeability at low speeds was calculated from draw-bar forces. The gradeability veesus
velocity results are graphed in Figures 23, 24, and 25; the tabulated results are shown in
Appendix B.

5. Gradeability Limit. Gradeability limit is defined by the SAE J227a procedure
as the maximum grade on which the vehicle can just move forward. The limit ix deter-
mined by measuring the tractive foree with a load cell while towing a dynamometer at
about 1.6 km/h (1 mi/h). It is calculated from:

Gradeability limit in percent = 100 tan (sin" WP)

where:

P = tractive force (1b).
W = gross vehicle weight (1b),

The tractive forces that the GE-100 Centennial was capable of exerting for three states of

battery discharge were:

0% Discharged — 3115 N (700 Ibf).
40% Discharged — 4448 N (1000 1bf).
80% Discharged — 4717 N (1060 Ibf).

At a vehicle test weight of 1778 kg (3920 Ib). the resulting gradeability limits were:

0% Discharged and cold — 18.1 %
40% Discharged — 26.4 %
80% Discharged and hot — 28.1%

The values at the 40-percent and 80-percent discharged state were greater than at the
O-percent discharged state for the tractive force measurements. The cause was a combina-
tion of controller action and an increase in battery temperature. Lower tire and bearing
friction with a warmed-up vehicle also deereased the propulsion forces required.
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The depth of discharge was determined by measuring the energy drawn from
the battery using a Hall-effect meter. The battery was discharged by accelerating the
vehiele for coast-down tests. This procedure raised the electrolyte temperature from 27°C
to 52°C(B0°F to 125°F) or, in effect, inereased the battery capacity by 31 percent (0.7
percent capacity increase per degree Fahrenheit change). Acceleration runs also changed
the drive train friction. This testing was not intended to investigate drive train friction or
temperature effects on battery capacity, hence the greatest value of draw-bar force was
used to caleulate greadeability limit.

6. Road Energy Consumption. Road energy is a measure of the energy consumed
in overcoming the vehicle’s aerodynamie and rolling resistanee,

The road energy for the vehicle at various speeds and the losses in the drive train

were determined from coast-down tests (Figures 26, 27, and 28). Road energy E_ is
calculated from the following equation:

V., -V
E =772x 105wt 0 KkWho
t

d
n - tot km

where:

V = vehicle speed, km/h
W = gross vehicle weight, kg
t = time, s

E, = drive train energy

Vn-l-vn
t -t

n n-1

=3, km/hs

The results of the road energy determination are shown in Figure 29 and Appendix B.

7. Road Power Requirements. Road power is a measure of vehicle aerodynamic
and rolling resistance. The road power, P , required to propel a vehicle at speed n is
determined from coast-down tests. The following equation was used:

VZ _vz
P = 608x105wW I n
n t -t
n n-1
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Figure 28. Coast-down cycle 7, velocity vs time.
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Because there is no way to disengage the motor. these caleulations include motor windage
losses. The results of road power caleulations are shown it Figure 30 and Appendix B.
Appendix C shows a caleulation anproach 1o take windage losses into account,

8. Indicated Energy Economy. SAFE J227a defines energy economy as “the vehicle
range in various operating modes divided into the AC energy required to return the bhat-
tery to its original state of charge. The test procedure monitored electrical power transfer
at three points. A rotating watt-hour meter measured the 60-Hz a.c. input to the charger,
A Hall-effect device measured the d.c. energy into the battery. A Hall-effeet device also
measured the d.c. energy out of the battery, The efficiency of the charger. the battery, and
the ‘overall system were then caleulated as the ratio of energy out to energy in,

The Vehicle Energy Economy column of Table 1 is the system economy. which is
the a.c. energy into the charger divided by the distance covered at the test speed or over
the driving pattern. The Battery Energy Economy column is the d.c. exergy out of the bat-
tery divided by the distance covered during the test.

Charger efficiency is the ratio of output d.c. energy to input a.c. energy
expressed as a percentage. The Hall-effeet devices responded from d.c. to frequencies
bevond 5 kHz.

VIII. COMPONENT PERFORMANCE AND EFFICIENCY

1. Battery Charger. The GE CRD Ferro-Resonant laboratory model battery
charger and the on-board accessory hattery charger are deseribed in Appendix A. The
Ferro-Resonant unit charges the main propulsion batteries during a non-operating period.
The auxiliary battery was charged from the propulsion batteries during operation of the
vehicle. Charger efficiency was caleulated to be as high as 84.3 pereent, During portions
of the test the auxiliary battery was charged with a separate charger at the same time the
propulsion batteries were heing charged.

2. Battery Characteristics. The GE-100 Centennial used the Globe-Union GC-419
lead-acid batteries for propulsion. Eighteen modales of 6 volts each were connected in
series to provide a nominal operating level of 108 volts. The propulsion batteries are
rated at 132.5 Ah on a discharge current of 75 A for 106 min, Figures 31 and 32 display
the battery characteristics for the first 25 pereent and the last 25 percent of operating
range, respectively. The reduced power at speed for the last 25 percent of range reflects
the reduced chassis forces due to warmed-up tires. ete. The roll-off of voltage with
increasing range is a characteristic of the battery. but control of current and power is due
to the motor controller.
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3. Controller. The General Eleetrie EV-1 Silicon Control  Rectifier (SCR).
model C. with current limiting and demand pickup of a contractor to bypass the con-
troller was used. The controller has two adjustable features — ereep speed and controlled
acceleration — and one fixed feature — top spred. The SCR is switched on and off by an
oscillator card at a rate of 50 Hz 10 300 Hz with duty evele varving from 5 percent at 50
Hz to 50 percent at 300 Hz, When the oscillator reaches approximately 95 percent at 50
Hz. the bypass relay is energized to provide uninterrupted battery voltage directly to the
motor. The oscillator is controlled by the position of the accelerator pedal.

Wave form analysis of the controller for harmonice content was caleulated by
Fourier Transformation. The analysis indicates that 98 percent of the energy is trans-
ferred at frequencies below 5 kHz in all modes.

4, Motor. The d.c. series 5BT2364 CH (SIN J1.42-99) motor is described in
Appendix A. The significant design feature of this vehicle is that the motor is connected
directly 10 the drive train. without clutch or transmission. This feature not only allows
lower weight. but optimizes the eleetro-mechanical characteristics of a d.c. series motor
for starting torque. speed regulation, and reversing. The vehiele did not have regeneration
or plugging in the tested configuration. Having the motor connected directly to the drive
train required a correction to the ¢oast-down tests to develop the aerodynamic drag plus
rolling resistance. See Appendix C for procedure.

3. Drive Train. The vehicle emploved a chain drive with a 1.36:1 ratio and a
differential with 4.135:1 ratio for an overall drive line ratio of 5.62:1. Motor/vehicle
speed ratio is 80.5 r/min/mi/h. Tires. brakes, ete.. are deseribed in Appendix A. Manufac-
turer’s figure of 98-percent drive train mechanical efficiency was provided.

1X. RELIABILITY

The vehicle was not available long enough o conduct an evaluation of reliability,
However, there was an interruption in the testing to allow the car to be demaonstrated to
the public. When the car was returned. it required 2.5 gal of water to service the battery
and one module had to be replaced because of a burned post. These problems are
assoeiated with training the operators coneerning routine maintenanee,

The on-hoard auxiliary eharger was hyvpassed in favor of charging from a MERAD-
COM charger because of excessive draw from the on-hoard charger.
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APPENDIX A

VEHICLE SUMMARY DATA SHEET

. Vehicle Manufacturer:

General Eleetrie Co,

Corporate Research and Development
1 River Road Bldg K-1

Schenectady. NY 12345

Triad Associates
32049 Howard
Madison Heights, MI 48071

. Vehicle Description:

Name: Centennial Eleetrie

Model: GE-100

Availability: One-of-a-kind experimental prototype
Price: Estimated replacement value $250K

. Vehicle Weight:

Curb weight: 1551 kg (3420 b
Driver weight: 68 kg (150 1b)
Passenger weight (3):159 kg (350 1h)
Gross weight: 1778 kg (3920 b)

. Vehicle Size:

Wheelbase: 2.34 m (92 in.)

Length: 4.06 m (160 in.)

Width: 1.68 m (66.1 in.)

Height: 1.36 m (53.6 in.)

Headroom: 0.97 m (38.3 in.)

Leg room: 1.06 m (41.9 in.)

Frontal area: 1.77 m? (19 f2)

Road clearance: 0.15 m (6 in.)

Number of seats: 4

Wheel track: 1.38 m (54.5 in.) front: 1.47 m (58.0 in.) rear
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5. Auxiliaries and Options:

Lights: Headlights (4), front parking and direction, front side markers (parking and
direction), rear lamp assembly (backup. taillight, directional, stop). rear license
plate lamp, rear side markers, dome light, 2 courtesy lamps, dash cluster illumina-
tion lamps,

Windshield wipers: Yes

Radio: Yes CB transceiver, Am/Fm stereo
Ampmeter: Yes

Speedometer: Yes

Left-hand drive: Yes
Regenerative braking: No
Power steering: No

Windshield washers: Yes
Heater: Yes (gas)

Fuel gage: Yes (state of charge)
Tachometer: No

Odometer: Yes

Direct-drive transmission
Mirrors: Yes (3)

Power brakes: No

6. Propulsion Batteries:

Types: Lead-acid (motive GC-419)

Modules: 18 (6 volts)

Battery voltage: 108 volts

Size: 0.26L x 0.18W x 0.29H: 0.014 m?® each 0.252 m® total (10.2L x 7.1W x 114 11:
826 in® each, 14859 in3, 8.6 f1® total)

Manufacturer: Glohe Union

Cells: 3 per module 54 total

Capacity: 132.5 Ah (75 A for 106 min)

Weight: 30.9 kg each, 556.2 kg total (68.1 1b ea, 1226 Ib total)

7. Auxiliary Battery:

Type: Lead-acid (SCI)

Manufacturer: Globe Union

Cells: 6

Voliage: 12 volts

Capacity: 30 Ah @ 20-h rate

Size: 0.1971, x 0.130W x 0.187H m. {7.75L x 5.13W x 7.38H in,)
Weight; 10 kg (21.8 1h)
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8. Controller:

Tyvpe: SCR EV-1C

Manufacturer: General Electrie

Voltage rating: 81 to 144 volts

Current rating: 850 peak 375 max avg bat,

Size: 0.3561. x 0.205% x 0.177H m (141 x 8W x 7H in.)
Weight: 23,1 kg (51 1h)

9. Propulsion Motor:

Tyvpe: die. series 3BT 2364 Cll SIN JL 12-99 blower vent
Manufacturer: General Eleetrie
i Voltage: 109 'V at rated power
Power: 16.26 kW (21.8 hp)
Insulation class: F
Current: 170A at rated power
i Size: 0.29 m dia. (11.38 in.). 0.51 mL (200 in.)
Weight: 1044 kg (230 1h)
Rated speed: 3270 r/min
Maximum speed: 6800 r/min

10. Battery Charger (Propulsion):

Manufacturer: General Electrie

Input vohtage: 220 V single-phase
Recharge time: 6 to 8 h

Type: Laboratory Model Ferro-Resonant
Off board

Peak current demand: 27.5 A
Automatic turn off: Adj. time 12 h max
Weight: 43 kg (95 Ih)

11. Battery Charger {On Board):

Type: diesd.e. transformer isolated

Manufacturer: EVA

. Peak current: 2.5 A

d Size: 0.32L x 0.010W x 0.08H m (12,51, x -LOW x 3.0H in.)
7 Weight: 2.7 kg (6 1)

Automatic turn off: Yes. regulated

Input voltage: 85- to 125-V (e,
Recharge time: 1 to 6 b

i
1
:
i
!
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12. Body:

Manufacturer: GE/Triad

Type: Hatehback

Materials: Stainless steel under body: steel and fiberglass hody
Doors: 3, 2 parallelogram linkage side. 1 gull-wing rear hateh

® -2 fixed-in side doors, 2 sliding-in doors, 2

Windows: Glass windshield: Lexan
fixed-in rear quarters, | fixed-in rear door

Seats: 2 full bucket in front — 2 removable rear facing jump seats.,

Cargo space volume: 1.36 m?® (48 £1%) 10 window level

Cargo space dimension: 1.83L x 1.22W x 0.61 H m (6.0L x 1.0W x 2.0H ft)

13. Chassis:

Type: Unibody

Manufacturer: Triad Services

Material: Stainless steel backbone. fiberglass panels

Modification: None — original design

Springs and shocks: Coil. Monroe take-aparts

Axles: Audi Fox Front: Subaru hubs. no axle-rear Morse Hyvo chain. Chrysler
parking pawl. BW differential 1.36: 1 chain, 4.135: 1 differential. 5.620:1
driveline ratio (80.5 rimin/mi/h)

Steering: Triad Services. new design, 18.5: 1 turning ratio, 9.75 m (32 f1) turning
diameter

Brakes: Front, inboard Chevelle, copper drums; rear, subaru drums

Parking: Vega coupled 10 front Chevelle

Regenerative: No

Tires:  Michelin  B78-13 radial 165 to 179 K Pa (24 1o 26 Ib/in2)*
0.30 m (11.8 in.) rolling radius

Wheel track: 1.38 m (54.5 in.) front; 1.47 m (58.0 in.) rear

* This pressure cange s the normal manufacturer’s recommended operating band: however. with permission of the tire
manufacturer GE inceeased the pressure 1o 283 kPa (41 /in.?). The pressure of 283 kPa was maintained for the tests in this repont.

48

— . - e

e . LT Bl ol ———




Motor Characteristics Data

LOSSES
IBATT IARM VM TORQUE RPM HP WATTS EFF.
177. 560. 27.2 166.5 0. 0 15012, 0
171, 459. 349 129.5 312. 7.68 10299. 35.8
221 377. 595 101.8 1046. 20.27 7306. 67.4
280. 309. 96.2 78.7 2164. 32.45 5494, 81.5
245. 253 105.4 60.8 2620. 30.33 4Q75. 84.7
201. 208. 107.5 46.6 2916. 25.88 3023. 86.5
165S. 170. 109.2 35.0 3272. 21.82 2325. 87.5
135. 140. 110.6 254 3750. 18.17 1899. 87.7
111, 114, 111.8 17.8 4404. 14.90 1688. 86.8
91. 94, 112.8 11.6 5372. 11.87 1732. 83.6
74. 77. 113.5 6.8 6778. 8.80 2178. 75.1
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Maximum Acceleration Data

Acceleration to 24 km/h (15 mi/h) for GE-100
(Same for 0%, 40% and 80% discharge)

Time Velocity Acceleration
Seconds km/h mi/h km/hssec mi/hsec
0.00 0.0 0.00 3.86 240
042 1.6 1.00 4.78 297
0.76 3.2 2.00 8.69 5.40
0.94 4.8 3.00 10.14 6.3
1.10 6.4 4.00 7.72 4.8
1.31 8.0 5.00 7.72 4.8
1.52 9.6 6.00 7.72 4.8
1.73 11.2 7.00 8.69 5.4
1.91 12.8 8.00 8.69 54
2.09 14.4 9.00 7.64 475
2.31 16.0 10.00 7.40 4.6
2.52 17.6 11.00 7.40 4.6
2.75 19.2 12.00 6.95 4.32
2.99 20.8 13.00 6.76 4.20
3.24 224 14.00 6.44 40
3.49 24.00 15.00 6.44 4.0
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Maximum Acceleration Data

Acceleration from 24 km/h at Various States of Discharge for the GE-100

Velocity 0% Discharge 40% Discharge 807 Discharge
km/h mi/h  km/hsec mifhsec km/hsec mithsec km/hsec  mifhsec
240 150 6.44 4.00 6.44 4.00 6.44 4.00
322 200 5.89 3.66 4.88 3.03 3.86 2.40
40.2 250 5.02 312 4.26 2.65 2.19 1.36
483 30.0 4,35 2.70 3.89 2.42 1.85 1.15
56.3 35.0 2.80 1.74 295 1.83 1.61 1.00
644 400 2.03 1.26 2.11 1.31 0.85 0.53
724 450 1.26 0.78 1.59 0.99 0.74 0.46
80.5 500 0.77 0.48 0.74 0.46 0.64 0.40
88.5 55.0 0.31 0.19 0.18 0.11 0.0 0.0
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7 Dishcarge Gradeability at Speed

Elapsed Velocity Grade (7)
Time (Sec) (km/hr)
1.20 3.50 0.00
1.80 5.26 8.38
2.40 6.42 5.53
3.00 1.27 4.03
3.60 7.41 .68
4.20 748 .33
4.80 7.67 .90
5.40 7.99 1.51
6.00 9.96 9.39
6.60 11.23 6.04
7.20 12.58 6.42
7.80 14.56 9.45
8.40 17.19 12.61
9.00 18.95 8.39
9.60 19.20 L17
10.20 19.80 2.85
10.80 22.49 12.90
11.40 25.17 12.83
12.00 28.14 14,28
12.60 30.80 12.71
13.20 33.59 13.36
13.80 36.09 11.96
14.40 38.07 9.48
15.00 39.91 8.7
15.60 41.57 7.89
16.20 43.27 8.14
16.80 45.64 11.31
17.40 47.55 9.12
18.00 49.36 8.62
18.60 51.25 9.03
19.20 §3.73 11.84
19.80 55.61 8.98
20.40 51.37 8.39
21.00 59.26 9.00
21.60 60.98 8.21
22.20 62.81 8.71
22.80 63.88 5.07
23.40 65.18 6.20
24.00 66.68 7.15
24.60 ] 67.53 4.04
25.20 68.87 6.34
25.80 70.03 5.55
26.40 71.15 5.30
27.00 72.28 5.41
27.60 73.14 4.05
28.20 74.25 5.30
28.80 74.85 2.85
29.40 75.65 3.81
30.00 76.68 4.87
i 70
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R

0 Dishcarge Gradeability at Speed

Flapsed Velocity Grade t0)
Time (Sec) (km/hr)
30.60 77.11 2.05
31.20 77.86 3.58
31.80 78.56 3.30
. 32.40 79.16 2.88
33.00 79.73 2,68
33.60 80.11 1.81
34.20 80.40 1.40
- 34.80 80.86 2.19
35.40 81.23 1.72
36.00 81.58 1.70
36.60 81.84 1.22
37.20 82.30 218
37.80 82.93 3.01
38.40 83.02 .39
39.00 82.25 -3.63
39.60 82.93 3.22
40.20 84.00 5.08
40.80 84.17 .81
41.40 84.95 1.82
3 42.00 84.75 .92
3 42.60 84.08 -3.16
43.20 85.41 6.31
43.80 85.40 -.04
44.40 86.11 3.40
45.00 86.00 -52
45.60 86.10 47
46.20 86.48 1.79
46.80 87.07 274
47.40 87.10 A3
48.00 87.49 1.87
48.60 87.78 1.36
49.20 88.58 3.81
49.80 89.60 4.85
50.40 89.41 -.88
51.00 89.46 21
51.60 89.61 .73
$2.20 89.91 1.39
52.80 90.31 1.93
$3.40 89.57 -3.54
54.00 89.21 -1.70
54.60 89.29 .37
55.20 89.43 .67
. 55.80 89.92 2.36
56.40 89.86 -.29
57.00 89.60 -1.25
57.60 89.89 1.3§
. 58.20 90.41 2.49
58.80 90.73 1.52
59.40 90.92 .90
60.00 90.91 -.06
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(¢ Dishearge Gradeability at Speed
Elapsed Velocity Grade (%)
Time (Sec) (km/hr)
60.60 90.60 -1.48
61.20 90.91 1.51
61.80 90.92 .04
62.40 91.28 1.70
63.00 91.24 -.21
63.60 91.12 -.54
64.20 92.38 5.98
64.80 93.07 3.31
65.40 93.02 =27
66.00 93.69 3.21
66.60 92.99 -3.35
67.20 93.23 1.16
67.80 93.13 -50
68.40 93.86 3.49
69.00 93.59 -1.27
69.60 93.03 -2.70
70.20 93.96 4.46
70.80 93.67 -1.38
71.40 93.70 .14
72.00 93.49 -1.03
72.60 93.43 -27
73.20 93.27 -74
73.80 93.85 2.75
74.40 94.01 72
75.00 93.68 -1.54
75.60 83.25 -2.03
76.20 93.95 3.33
76.80 93.78 -.80
77.40 93.69 -46
78.00 93.76 .35
78.60 94.33 2.71
79.20 94,13 -97
79.80 94.60 2.24
80.40 9453 -.33
81.00 93.92 -2.89
81.60 94.17 1.18
82.20 93.66 -2.43
82.80 93.88 1.0s
83.40 94 41 2.51
84.00 94.38 - 11
84.60 95.08 3.33
85.20 95.90 3.86
85.80 96.15 1.20
86.40 96.35 .95
87.00 96.70 1.66
87.60 96.79 .44
88.20 95.84 4.52
88.80 97.26
89.40 96.08
90.00 97.45




Flapsed
Time (Sec)

90.60
91.20
91.80
92.40
93.00
93.60
94.20
94.80
95.40
96.00
96.60
97.20
97.80
98.40
99.00
99.60
100.20
100.80
101.40
102.00
102.60
103.20
103.80
104.40
105.00
105.60
106.20
106.80
107.40
108.00
108.60
109.20
109.80
110.40
111.00
111.60
112.20
112.80
113.40
114.00
114.60

Q% Dishearge Gradeability at Speed

Velocity Grade (1)
(km/hr)
97.28 -.84
97.20 -.38
96.11 -5.15
96.68 2.68
96.49 -.88
96.72 1.07
97.17 2.17
96.73 -2.11
97.55 3.88
96.38 -5.53
97.15 3.64
97.91 3.63
97.94 41
98.52 2.76
97.03 -1.07
97.99 4.56
97.64 -1.65
98.54 4.25
98.71 .82

99.32
97.86
98.03
98.60
98.23
99.63
98.62
99.51
99.68
98.62
99.30
98.79
98.27
98.67
98.54
98.22
98.21
98.74
97.86
98.94
98.68
99.56




{
40% Dishcarge Gradeability at Speed
Elapsed Velocity Grade (%)
Time (Sec) (km/hp)
1.20 3.50 0.00
1.30 8.20 22,93
240 13.44 25.67
3.00 18.56 25,09
3.60 22.98 21.49
4.20 27.07 19.77
4.80 30.16 14.87 .
5.40 33.28 14.95 j
6.00 35.82 12.16
6.60 38.96 15.08
7.20 42.49 17.03
7.80 46.01 16.92
8.40 48.26 10.77
9.00 50.70 11.68
9.60 52.83 10.17
10.20 54.73 9.06
10.80 56.76 9.69
11.40 58.36 7.62
12.00 59.70 6.38
12.60 61.29 7.58
13.20 62.70 6.70
13.80 64.43 8.26
14.40 65.56 5.34
15.00 66.78 5.83
15.60 67.75 4.62
16.20 68,76 4.82
16.80 69.55 3.73
17.40 70.36 3.87
18.00 71.37 4.79
18.60 72.06 .26
19.20 72.70 3.04
19.80 73.33 2.99
20.40 74.25 : 4.37
21.00 74.71 2.20 1
21.60 75.36 3.10 }
22.20 75.44 .40 i
22.80 75.71 1.25 i
2340 76.87 5.52 ‘
24.00 77.75 4,16 !
24,60 78.39 3.05
25.20 78.73 1.64
25.80 79.14 1.92
26.40 79.44 1.45 *
27.00 80.02 2.73
27.60 80.44 2.03
28.20 80.95 240
28.80 81.16 Lot
29.40 81.67 2.42
30.00 82.20 2.52
74
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40% Dishcarge Gradeability at Speed

Flapsed Velocity Grade (1)
Time (Sec) (km/hr)
30.60 82.41 1.00
31.20 82.85 2.09
31.80 83.33 2.29
3240 84.01 3.21
33.00 84.20 .93
33.60 84.75 2.59
34.20 84.74 -04
34.80 85.51 3.68
35.40 86.02 242
36.00 86.30 1.32
36.60 86.32 .09
37.20 86.14 -.82
37.80 86.52 1.78
38.40 87.99 7.01
39.00 87.82 -.80
39.60 88.05 1.10
40.20 89.07 4.82
40.80 90.04 4.60
41.40 89.91 -.58
42.00 90.71 .17
42.60 89.91 -3.80
43.20 90.04 .64
43.80 89.25 -3.76
44 .40 89.83 2,73
45.00 90.12 1.39
45.60 90.89 3.68
46.20 91.23 1.60
46.80 91.38 .73
47.40 91.48 45
48.00 91.75 1.28
48.60 92.31 2.68
49.20 92.26 -21
49.80 92.62 1.69
50.40 92.57 -25
51.00 92.73 11
51.60 92.76 17
> 52.20 92.95 .88
3 52.80 92.69 -1.21
53.40 93.34 3.08
54.00 93.11 -1.11
54.60 93.72 2.93
55.20 93.42 -1.47
55.80 93.09 -1.56
56.40 94.24 548
57.00 94.35 51
57.60 93.88 -2.23
. 58.20 94.41 2,53
58.80 94,34 -.31
59.40 93.76 -2.77
60.00 94.30 2,57
|
{
1
{
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Elapsed
Time (Sec)

60.60
61.20
61.80
62.40
£3.00
63.60
64.20
64.80
65.40
66.00
66.60
67.20
67.80
68.40
69.00
69.60
70.20
70.80
71.40
72.00
72.60
73.20
73.80
74.40
75.00
75.60
76.20
76.80
77.40
78.00
78.60
79.20
79.80
80.40
81.00
81.60
82.20
82.80
83.40
84.00
84.60
85.20
85.80
86.40
87.00
87.60
88.20
88.80
89.40
90.00

407 Dishcarge Gradeability at Speed

Velocity
(km/hr)

94.50
94.21
94.42
94.79
95.02
94.70
95.46
94.92
94.73
96.33
96.18
95.49
95.92
95.26
95.80
96.17
96.18
96.80
95.89
96.65
97.33
96.38
96.32
96.83
96.39
97.14
96.98
96.90
97.20
97.75
97.02
97.98
97.32
98.42
98.23
99.10
97.61
98.47
98.24
98.08
98.17
97.72
98.58
98.28
98.47
97.82
98.46
98.35
99.51
99.19

Grade (%)

.93
-1.39
1.00
1.7
1.09
-1.48
3.59
-2.55
-.90
7.62
-74
-3.25
2.03
-3.15
2.56
1.77
.07
2.94
-4.34
3.64
3.22
-4.50
-.28
2.42
-2.10
3.55
=17
-39
1.45
2.60
-3.45
4.58
-3.17
5.26
-92
413
-1.09
4.10
-1.11
AR
A4
-2.12
4.08
-1.45
.94
-3.12
3.07
=51
5.51
-1.53
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407 Dishcarge Gradeability at Speed

Elapsed Velocity Grade (%)
Time (Sec) (km/hr)
90.60 99.39 .95
91.20 98.65 -3.51
91.80 98.76 .Sl
92.40 97.69 -5.1%
93.00 98.11 2.01
93.60 98.10 -03
94,20 98.92 3.87
94.80 97.72 -5.69
95.40 97.92 92
96.00 97.80 -.56
96.60 98.00 .97
97.20 97.94 -32
97.80 97.25 -3.26
98.40 97.53 1.32
99.00 97.08 -2.12
99.60 97.17 41

100.20 97.43 1.24
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Elapsed
Time (Sec)

1.20
1.80
2.40
3.00
3.60
4.20
4.80
5.40
6.00
6.60
7.20
7.80
8.40
9.00
9.60
10.20
10.80
11.40
12.00
12.60
13.20
13.80
14.40
15.00
15.60
16.20
16.80
17.40
18.00
18.60
19.20
19.80
20.40
21.00
21.60
22.20
22.80
23.40
24.00
24.60
25.20
25.80
26.40
27.00
27.60
28.20
28.80
29.40
30.00

80/ Dishcarge Gradcability at Speed

Velocity
(km/hr)

3.50

3.87

7.60
12.74
17.61
22.38
26.65
3130
35.53
38.72
42.00
45.09
48.07
50.85
53.32
§5.76
57.90
59.34
61.13
62.78
64.11
65.68
67.14
68.16
69.34
70.27
7130
72.26
73.38
74.40
75.46
76.31
76.47
77.86
78.70
79.37
79.96
80.57
81.06
81.59
81.83
82.28
82.91
83.46
83.06
84.09
84.68
84.37
85.27

Grade (')

0.00
1.73
18.04
25.18
23.75
23.27
20.72
22.65
20.53
15.32
15.76
14.82
14.33
13.31
11.83
11.67
10.21
6.84
8.56
7.85
6.31
7.49
6.97
4.82
5.64
4.42
4.37
4.58
5.32
4.83
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80% Dishcarge Gradeability at Speed
Elapsed Velocity Grade (%)
Time (Sec) (km/hr)
30.60 85.08 -.87
31.20 86.06 4.62
31.80 85.56 -2.35
. 3240 85.95 1.85
33.00 86.99 4.96
33.60 87.22 1.07
34.20 86.93 -1.36
" 34.80 88.09 5.54
35.40 87.83 -1.27
36.00 88.08 1.21
36.60 88.54 218
37.20 88.21 -1.56
37.80 88.06 -71
38.40 89.02 4.56
39.00 89.30 1.32
39.60 89.29 -.02
40.20 89.43 63
40.80 89.78 1.69
41.40 90.22 2.08
42.00 90.02 -.94
42,60 90.09 .33
43.20 90.58 2.31
43.80 90.77 .92
44.40 90.06 -3.38
45.00 91.07 4.78
45.60 9143 1.74
46.20 91.71 1.31
46.80 91.60 -.50
47.40 91.88 1.32
i 48.00 92.11 1.08
48.60 91.96 -.70
i 49.20 92.19 1.07
49.80 92.22 .15
50.40 92,93 3.40
51.00 93.11 .83
51.60 92.97 -.65
§2.20 93.15 .84
52.80 93.49 1.63 3
53.40 93.74 1.16
54.00 93.74 0.00
54.60 93.80 .28
55.20 93.75 =21
55.80 95.43 8.01
56.40 95.03 -1.90 4
57.00 94.17 -4.10 1
‘ 57.60 95.20 4.88
| . 58.20 94.89 -1.43
: 58.80 94.30 -2.82
| 59.40 94.67 1.76 1
| 60.00 94.69 .10
3 9
|




80% Dishcarge Gradeability at Speed

Elapsed Velocity Grade (%)
Time (Sec) (km/hr)
60.60 95.78 5.15
61.20 95.58 -91
61.80 95.40 -.86
62.40 95.35 -23
63.00 97.09 8.28
63.60 95.88 -5.75
i 64.20 96.81 443
64.80 97.02 .99
65.40 95.68 -6.39
66.00 95.45 -1.09
66.60 96.16 3.38
67.20 95.77 -1.86
67.80 96.02 118
68.40 95.67 -1.65
69.00 96.24 2.71
69.60 95.43 -3.88
70.20 95.21 -1.03
70.80 96.03 3.92 :
71.40 95.94 -.42 ]
72.00 95.44 -2.41
72.60 95.99 2.65
73.20 96.25 1.20
73.80 97.23 4.69
74.40 97.12 -.54
75.00 97.58 2.15
75.60 97.62 .23
76.20 91.22 -1.93
76.80 96.43 -3.73
77.40 97.20 3.66
78.00 97.66 2.15
78.60 96.96 -3.29
79.20 97.95 4.69
79.80 97.59 -1.70
80.40 97.63 .20
81.00 98.36 3.47
81.60 97.80 -2.68
82.20 99.68 8.98
82.80 98.11 -1.46
83.40 98.93 3.90
84.00 98.91 - 11
84.60 99.66 3.59
3 85.20 99.90 1.13
85.80 98.72 =541
86.40 99.66 4.45 1
87.00 99.36 -1.42 ]
87.60 99.04 -1.54
88.20 98.82 -1.05
88.80 99.24 2,03
89.40 98.90 -1.62

90.00 99.53 3.00
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Elapsed
Time (Scc)

90.60
91.20
91.80
92.40
93.00
93.60
94.20
94.80
95.40
96.00
96.60
97.20
97.80
98.40
99.00
99.60
100.20
100.80

809 Dishcarge Gradeability at Speed

Velocity
(km/hr)

99.20
99.67
99.89
99.72
100.14
100.42
100.10
-100.30
100.51
100.12
100.64
100.87
100.46
100.12
99.57
99.84
99.21
99.63

St o £ MR T -

Grade (%)

-1.60
2.23
1.06
-79
2.00
1.33
-1.52
.95
97
-1.85
2.49
L1l
-1.98
-1.62
-2.61
1.30
-3.01
2.01
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Cycle 1, Coast Down
ELAPSED VELOCITY ROAD ENERGY ROAD POUER AUG. VEL.
TIME (SEC) (KM/HR) (KUH/KM) (Ku) (KM/HR )
0.00 98.22 .0028 .2721 98.22
3.00 $3.45 2124 20.3609 95.85
6.09 9Q0.57 L1318 12.1006 92.03
9.0 88.48 . 8938 B8.3987 89.52
12.00 B4.04 . 1997 17.2277 86.26 ;
15.09 81.2% .1253 19.3539 82.64 . f
18.99 78.99 .1421% 11.3236 79.67
21.09 ?7.41 .0306 2.3783 ??7.7%
24.0Q 74.50 .1305 9.9123 75.9€¢
27,00 ?71.08 .1939 11.2037 2.79
30,900 69.902 .0925 6.4809 70.65
33.09 66.18 1278 B.0444 67.68
36.00 63.86 1043 6.7795 65.0¢2
39.00 61.53 L1048 6.5673 62.65
42.900 59.28 , 1009 6.0964 oY, 41
45,00 €7.16 0957 5.5728 58.cd
48,00 54.85 .1038 S.8149 £6.00
51.99 c2.nl 1007 5.4104 53.73
54,00 49.76 L1278 6.534¢ S1.1E
7.00 47.48 Ldee? 4,9913 48 .€0
00.060 45,28 T 4,59135 4., 3k
£3.00 43.15 L0554 4.219% 44,28
66.00 41.33 .v§el 3.4694 42,04
69.989 39.64 .0758 3.0696 490. 4%
72.00 33.21 L8643 2.6933 38.90 ]
75.00 37.26 .0425 1.6034 37.74
78.904 35.90 V616 2.e521 36.58
81.09 34,35 Q468 1.6572 35.37
84.00 33.55 .058S 1.9994 34.20
87.00 32.49 .04L0 1.5861 33.02
90.0¢0 31.67 ,0367 1.1782 32.08
93.00 30.51 .0519 1.6138 31.09
96.060 29.34 .©8530 1.58%0 29.9¢
99.00 28.37 0432 1.2468 2B.85
102.00 27.29 .0487 1.3542 2?.83
105.00 26.32 .6439 1.1763 26.860
103.00 25.32 .0448 1.1579 25.82
111.00 24.16 .0520 1.2854 24.74
114.00 23.30 .0386 .91862 23.73
117.00 ge.ed .0483 1.0989 22.77 ]
120,00 21.37 .2387 .8428 21.8¢
123,90 20.30 0481 1.0017 20. 84
126.00 19.29 ., 0456 .9034 19.79
129.900 17.93 0639 1.1339 18.61
132.00 16.83 .0493 .8562 17.38
135.00 15.69 +8515 8370 16.26 i
138.00 14,57 8502 7599 15.13 H
141,00 13,44 0507 7106 14.01 :
144,00 12.49 0427 «553% 12.97 !
1
i H
§
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| ELAPSED VELOCITY ROAD ENERGY ROAD POUER AVG. VEL.
TIME (SEC) (KM /HR) (KWUH/KN) Ky (KP/HR)
147.00 11.17 0594 7026 11.83
1506.40 190.28 0401 4300 16.73
153.09 9.09 .9535 5187 9.69
156.00 8.33 0342 2979 8.71
159.00 7.21 . 0502 3903 .77
‘ 162.90 5.97 . 0559 .J686 6.59 :
165.9 5.13 0379 .2101 5.5% :
i
§
q
1
i
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Cycle 4, Coast Down

ELNPSED VELOCITY ROAD ENERGY ROAD POUER AUG. VEL.
TIME (SEC) (KM/HR) (KWH/7KM) (KuW) (KM/HR)
)
. 0.60 96.63 .1503 14.5732 96.96
! 3.00 92.¢? .2u58 19.3433 94.3S
v 6.00 g88.17 L1751 15,7784 ve.12
; 9.900 g8s5.12 L1373 11.8936 86.6S
12,00 81.48 .1636 13.6292 83.3¢
15.00 79.14 L1050 8.4302 80.31
: 16,08 76.66 .1118 g8.7118 ?77.90
¢ 21.00 74.24 .108? 8.1977 75.45
? 24.00 v2.2?7 .0887 6.5000 73.2%
t 27.90 68.88 .1520 19.7264 70.58
4 30.uv0 67.96 .0818 5.5618 67.97
33.90 64,16 .1306 8.5793 65.61
b 36.u0 6. 1Y OBS6 5.%6951 63.17
4 3% .00 6. Lo QoYY 4.2298 bl.q42
40,09 58.79 LoLde S5.0147 59.7¢
450l fn.4 L0833 4.8167 57.8¢
3 48,00 G54.490 111 6.1957 55,70
i S1.,00 62,40 0749 4,0149 §3.63
f4.00 AT Llotd 5.2408 51.67
7.0 43.13 L0634 3.1618 49,84
1 Lo, 00 47,74 002l 3.9401 48 .43
b3.00 45,70 LOULD 4.2671 46.72
€6.00 44.13 0707 3.1764 44.9¢
69.99 4c.b3 V679 2.9267 43.38
Te.v0 41.30 059 2.4998 41.97
75,00 39.75 697 2.82p61 40.53
73.¢0 38,11 L0738 2.8742 38.93
ul.0d 36.938 8503 1.985% 3v.5%
£4.00 35.32 .07%Q 2.7e9e 36.1%
B7.0v 34.18 LQu08 1.70u3 34,705
Gv.00 32.89 9623 PRy R ITEY 33.49
Yi,ed 31.3? LOC44 2.008Y KT T
Lhevv 30,15 .9548 .50 RO
1.0 c8.60 V805 P37 U L9, dY
102,00 26.75 .N834 2.3077 27.67
195,00 24.60 9963 2.4711 25.68
feB.us .12 1026 2.,4069 23.46
111,09 19.05 leib 2.2528 2l.14
114,00 18.01 0873 1.€572 18.98
117,99 15.94 L0330 1.5782 16.98
120.00 13.8¥8 W9e7 1.3823 14,914
123.09 11.87 T2 1.1637 12.87
126.09 19,13 0?79 .857% 11.90
125.00 B.vl JU953 .8647 9.97
13c.v0 €.c9 «0815 5794 .11




Cycle 7, Coast Down

ELAPSED VELOCITY ROAD ENERGY ROAD POUER AUG. VEL.
TIME (SEC) (KM/HR) (KUH/KM) (KW) (KM/HR)
¢ 9.00 98.27 1191 11.7368 98.54
J3.00 94.18 .1878 {8.0616 96.19
6.00 91.6c 1112 19.329¢ 92.86
9.90 87.54 . 1700 15,2588 89,73
12,09 84,64 L1441 12.428@ 86.24
15,00 83.92 0726 6.0877 83.83
18,00 80,05 .1338 10.9e54 81.53
21.00 ?7.42 .1180 9.2887 ?78.73
24.80 75.93 .1075 8.194¢2 ?76.23
27.09 72.43 .1168 8.6098 ?73.73
39.00 £9.92 L1131 8.0490 71.18
J3.00 ©7.99 . 0865 5.9643 68.96
36,00 65.35 .1189 ?7.9283 66.67
359,00 63,24 . 0348 6.05c4 64.30
2.00 66.83 1885 6.7299 62.03
45,00 S&.07 1242 ?7.3841 59.45
48,00 55,71 1057 6.0154 56.89
S1.00 S4.04 <0751 4.1201 54.88
54,90 51.87 0979 5.1848 52.95
57,00 49.7% . 0952 4.8375 50.81
60,00 47.49 1016 4.9394 48.62
63.00 45,41 -0934 4.337% 16.45
66,80 41,56 .2830 3.6915 44.49
€9.089 41.60 . 0885 3.7681 42,58
72.38 40,19 .0632 2.5836 40,89
75,99 38,96 .05%2 2.1858 39.58
78,00 37.45 .0501 1,9259 38.40
81.80 36.63 . 0548 2.0396 37.24
84.00 35.79 .9418 1.5130 J36.16
87.40 34.43 .057¢ 2.0007 35.06
9a.00 33.77 .0294 1.0029 34.10
93,00 32.83 .9423 1.4086 33,230
56.00 31.59 0561 1.8069 2.2t
9J.00 30.69 -0403 1,255% 31.14
102,00 29.82 .0389 1.1769 30.26
165.00 28.90 0414 1.2158 29.36
188.00 27.87 .0463 1.3135 28.39
111.006 26.99 .9397 1.e895 2?.43
114.9¢9 25,88 .0498 1.3168 26.44
117,00 24.90 0441 1.1204 25,39
120.00 24,17 0339 .8e9e 24.53
123.00 23.92 +0516 1.2172 23.59
1ee . o0 21.73 L9581 1.2993 22.3?
| RPNV 21,02 .9319 .6826 21.37
136,00 19,52 R L 1.0126 20.47
13%.00 18,66 g 1.0917 19.29
15000 17.72 NI + 7645 18.19
141,09 16.69 «0%037 .8628 17.16
144,90 1S.56 . 34869 . 7538 16.08
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ELAPSED VELOCITY ROAD ENERGY ROAD POUER AUG. VEL.
TIME (SEC) (KM/HR) (KUH/KM) (XY) (KM/7HR )

1472.00 14.50 .0476 . 7151 15.03
150.00 13.41 .0489 .683¢2 13.96
153,00 12.31 0497 .6397 12.86
156.00 11.51 .0J61 .4299 11.91
153.00 10.39 0509 5470 10.95
162.00 9.0& 519 .6006 9.7
165.00 ?.89 ER .4271 B8.46
168.00 6.39 .0676 .4830 T.14

171.00 4.86 .3876 S.62




APPENDIX C

GRAPHICAL DERIVATION OF ROAD LOAD POWER

General

The acceleration and deceleration of the GE-100 electric vehicle can be determined
using graphical methods. A Soltec model 3312 chart recorder was used to play back the
veloeity as a funetion of time. Tangents to the velocity curve were sclected at increments
of speed to reflect significant changes in acceleration. There is slow acceleration at zero
speed with an increase in acceleration for about the first second. This can be attributed to
the design characteristics of the controller which insure a smooth start, rather than a jerk.
which might otherwise be associated with the maximum torque of a locked-rotor seriex
d.c. motor.

Controller Effect

At about 4 seconds, under maximum acceleration, the vehicle has achieved sufficient
speed for a hypass relay to shunt out the controller. Acceleration 10 about 24 km/h (15
mi/h) was independent of battery charge. The vehicle was accelerated under various states
of battery charge, the effect of thermal cut back was noted on several runs. This is a con-
troller feature which compensates for the temperature of the SCR. When the SCR warms
up, it has a tendency to allow more current, a thermal sensor cuts back the condition time
to retain the smooth starting characteristics. This test was run on a hot day 29°C (84°F)
under stringent conditions (Electrolyte temperature reached 44°C (112°F)). The thermal
sensor prevented operation of the hypass relay on several runs. If the thermal cut back
had not operated, there would have been a noticeable jerk due to “torque jump.”

Data Reduction

Newton’s F=ma was used to determine the coast-down forces. Acceleration, a. was
graphically determined by AV/At methods. The vehicle weight was taken as 1747 kg
(3850 1b)* and the conversion factors were determined from:

»

* The original design weight of the vehicle was 1747 kg (3850 W),
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P = maV

m = W/g
W i pounds foree
g in fu/s?
a in mi/h.s
V in mi/h
P in horsepower
w 5280 520 . 1 [m-s2  ft _ft _ hp ]
P= v o R S L S o
3217 “* 3600 ¥ 3600 Y550 | fe 2 s ftib

P=Wxax Vxl1.216x 10}
The motor windage and friction were subtracted from the observed coast-down power to

arrive at the vehicle external forees. The power was plotted as a funetion of velocity on

log - log paper. Curve fitting resulted in the following empirical equation for vehicle
power on zero grade:

P=595x102V + 6.06x 10" V* + 1.05x 107 V?

P in hp
V in km/h

Corrections

Motor windage losses were calculated from:

Pv-'mc\a " = 4.02 x ]0'3 (r/min 3
i 1000

Pin hp
r/min from mi/h x 80.5 motor/vehicle speed ratio.
Maotor friction losses were calculated from:

Pfril'li m = 1-327 X IO" r/min
' 1000
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and then corrected by 98 percent for drive train efficiency. Corrections to the power train
loads for motor windage and friction were provided by the manufacturer.

Vehicle Road Energy

The energy consumption per unit distance as a function of speed was determined by
converting the road load power from hp to kW and dividing by the velocity. This is the
ERDA-EHV-TEP formula:

E = 9.07x 10° W (A\L) kWh
At mi

Where av . a in mi/hs.
At
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